Introduction
Cu-1223 phase was synthesized at high pressure of 4 GPa with T c = 67 K and anisotropy parameter Г ≈ 1.6 [1] [2] [3] . Unfortunately, the high pressure synthesis hinders this phase from the large scale applications such as superconducting cables and magnets. The partial substitution of thallium at copper site in the charge reservoir layer of Cu-1223 phase develops a new Cu 1x Tl x -1223 phase that can be easily prepared at normal pressure. This is probably due to the hybrid of both Tl and Cu charge in the reservoir layer, leading to moderate synthesis conditions which maintain the low superconducting anisotropy [4] . Cu 0.5 Tl 0.5 -1223 phase has low anisotropy parameter, high critical current density J c and T c [4, 5] . Therefore, this phase is a promising candidate for technological applications. The  tetragonal structure of Cu 0.5 Tl 0.5 -1223 phase belongs to the superconductor cuprate with a P4/mmm space group. It contains three CuO 2 planes and a semi-insulating charge reservoir layer (Cu 0.5 Tl 0.5 )Ba 2 O 4δ in the unit cell.
The explanation of electrical resistivity behavior above the superconducting transition temperature is still unclear. Therefore, many studies concerned the deviation from linear behavior at certain temperature above T c . The excess-conductivity studies, due to thermal fluctuations, are very important for understanding the intrinsic properties and dimensionality of high temperature superconductors (HTSCs). The intrinsic properties such as conduction dimensionality and coherence length, in addition to the extrinsic properties which include the sample's grain morphology, are of great importance in determining the superconducting properties. Several models are used to analyze the excess-conductivity such as Aslamazove Larkin (AL), MakiThompson (MT), Lawrence Doniach (LD), and HikamiLarkin (HL) [6] [7] [8] [9] . AL and LD models have been used to study the excessconductivity for Cu 0.5 Tl 0.5 -1223 phase. Qasim et al. [10] studied the excess-conductivity of Cr x /Cu 0.5 Tl 0.5 -1223 phase (x = 0.00, 0.50, 0.75, and 1.00 wt%). They attributed the change in the superconducting parameters to antiferromagnetic nature of Cr nanoparticles and the oxygen disorder within the superconducting regions which affect the carrier density in CuO 2 planes. Nadeem et al. [11] reported the excess-conductivity of (NiFe 2 O 4 ) x /Cu 0.5 Tl 0.5 -1223 composite with x = 0.00, 0.25, 0.50, and 1.00 wt%. They found that both the superconducting volume fraction and 3D conductivity fluctuation decrease by increasing NiFe 2 O 4 nanoparticle addition as a result of the localization of carriers across these magnetic nanoparticles. The 3D region shifted towards lower temperature due to the increase in the insulating behavior of the inter-grain boundaries. Hussain et al. [12] investigated the excess-conductivity of Ag x /Cu 0.5 Tl 0.5 -1223 phase with x = 0.0, 0.5, 1.0, 2.0, and 4.0 wt%. The superconducting parameters were improved with the inclusion of Ag nanoparticles. This improvement was discussed according to healing of voids and improving the inter-grain connectivity of Ag x /Cu 0.5 Tl 0.5 -1223 composite.
One of the properties of oxygen deficient HTSCs is a pseudogap (PG) which appears at temperature higher than T c over a certain range of hole carrier concentration, extending from the under-doped to the slightly over-doped regions [13] . This phenomenon is explained according to different reasons such as electron pairing [14, 15] , antiferromagnetic fluctuation [16] , and spin-charge separation scenario [17, 18] . There are two main reasons that explain this phenomenon: (1) the first one is based on strong pairing regime with low dimensionality and low superfluid density [14] at which PG arises from strong superconductivity fluctuation; (2) PG could arise from some non-superconducting correlations at which PG competes with superconductivity [19] . Khurram et al. [20] reported that the pseudogap temperature is the lowest in Cu 0.5 Tl 0.5 -1223 sample which has the highest T c in Cu 0.5 Tl 0.5 -12(n1)n family compared with Cu 0.5 Tl 0.5 -1212 and Cu 0.5 Tl 0.5 -1234 samples.
In the present work, the temperature dependence of electrical resistivity for (Co 0.5 Zn 0.5 Fe 2 O 4 ) x /Cu 0.5 Tl 0.5 -1223 composite was performed and analyzed according to the opening of pseudogap spin and fluctuation conductivity. The superconducting parameters such as the coherence length at 0 K along c-axis, effective layer thickness of the 2D system, inter-layer coupling strength, the thermodynamics, lower and upper critical magnetic fields, and critical current density were calculated as a function of Co 0.5 Zn 0.5 Fe 2 O 4 nanoparticle addition.
Experimental technique
Co 0.5 Zn 0.5 Fe 2 O 4 nanoparticle powder was prepared using co-precipitation method by dissolving pure chemical reagents of FeCl 3 ·6H 2 O, ZnCl 2 , and CoCl 2 ·6H 2 O in distilled water, and the Co:Zn:Fe molar ratio was fixed to 0.5:0.5:2. Then, the pH was adjusted to 12.5 by adding NaOH solution dropwise in the mixture with constant stirring. Accompanied with continuous stirring, the solution was heated at 60 ℃ for 2 h. The co-precipitated powder was filtered and washed for several times with distilled water till the pH reached 7, and then it was dried in an oven in air atmosphere at 90 ℃ for 24 h. Finally, the powder was calcined in air at 500 ℃ for 4 h. The crystalline size of Co 0. 5 pressure using a hydraulic press to reduce the number of voids in the sample and to minimize the inter-grain contact problems. The resultant disc was 1.5 cm in diameter and about 0.3 cm in thickness. The pellets were wrapped in a silver foil in order to reduce thallium evaporation. The samples were heated inside a Muffle furnace to 760 ℃ at a rate of 4 ℃/min, followed by a rate of 2 ℃/min to 850 ℃, and finally held at this temperature for 5 h. The samples were then slowly cooled to room temperature. The samples were characterized using XRD and the results showed that the relative volume fraction for Cu 0.5 Tl 0.5 -1223 phase increases by increasing the addition of Co 0.5 Zn 0.5 Fe 2 O 4 nanoparticles up to x = 0.08 wt% and then it decreases for further increase in x. Moreover, the lattice parameters a and c are unchanged with the increase in x.
The electrical resistivity of the prepared samples was measured from room temperature down to zero-resistivity temperature T 0 with a closed cryogenic refrigeration system. The temperature of the samples was monitored by a chromel versus Fe-Au thermocouple and stabilized with the aid of a temperature controller within ±0.1 K.
Results and discussion
The temperature dependence of the electrical resistivity for (Co 0.5 Zn 0.5 Fe 2 O 4 ) x /Cu 0.5 Tl 0.5 -1223 phase with x = 0.00, 0.04, 0.08, 0.12, 0.16, and 0.20 wt% is displayed in Fig. 1 . All the samples are characterized by a nearly sharp resistive transition, indicating the high purity of these samples. Moreover, they show a metal-like behavior in normal state, followed by a superconducting transition by decreasing temperature. The metallic behavior above T c could be interpreted by the liquid model that provides a natural explanation for anomalous features of transport data in several HTSCs. Few models concern the linear temperature dependence of the electrical resistivity. One may exclude the electron-phonon interaction because of the relatively small electron-phonon coupling constant estimated from the electrical resistivity measurements. It is well known that the in-plane electrical resistivity is produced by the scattering of the bosons from fermions, resulting in the linear temperature dependence. According to this model, the spin charge separation in CuO 2 planes results in two different rates, a transverse rate which gives the Hall angle dependence and the other rate is a longitudinal rate that gives the well-known linear resistivity. In addition, a small curvature in the electrical resistivity data above the superconducting transition temperature is observed. This curvature characterizes the superconducting thermodynamic (or Cooper pair) fluctuations [21] or the opening of spin gap that appears in HTSCs due to magnetic impurities [22] .
The variation of room temperature resistivity ρ room and residual resistivity ρ 0 with different addition of Co 0.5 Zn 0.5 Fe 2 O 4 nanoparticles for Cu 0.5 Tl 0.5 -1223 phase is shown in Fig. 2 . ρ room is the resistivity at 300 K and ρ 0 is obtained from the fitting of resistivity data in the temperature range 170 K ≤ T ≤ 300 K, according to Matthiessen's rule:
It is evident that both ρ room and ρ 0 increase as x increases. The normal-state resistivity ρ n is regarded as a measure of disorder, indicating that the disorder increases as x increases. It is well known that the residual resistivity arises from the impurity scattering in the CuO 2 plane. The increase in ρ 0 as x increases implies that the impurity scattering in the CuO 2 plane also increases. A similar result was observed by Nadeem et al. [11] for (NiFe 2 O 4 ) x /Cu 0.5 Tl 0.5 -1223 composite. The increase in ρ room and ρ 0 is attributed to the scattering of carriers across the agglomerated magnetic nanoparticles at grain boundaries. The resistivity temperature coefficient β increases from 0.0048 to 0.0065 mΩ·cm·K 1 as x increases from 0.00 to 0.20 wt%. This could be due to the unsuspected 
1 Pseudogap
The pseudogap temperature T * is determined by plotting dρ/dT versus T and ρ m -ρ n versus T, where ρ m is the measured resistivity [24] . Figures 3 and 4 show the variation of experimental resistivity and the fitted data according to Eq. (1) with temperature for (Co 0.5 Zn 0.5 Fe 2 O 4 ) x /Cu 0.5 Tl 0.5 -1223 phase for x = 0.00 and 0.04 wt%, respectively, and the insets of Figs. 3 and 4 show the variation of both dρ/dT and ρ m -ρ n with temperature. The deviation point of linear resistivity behavior with temperature is called "pseudogap temperature" which corresponds to the opening of pseudogap. There are two characteristic temperatures related to phase transition in HTSCs [25] . The first one is the pseudogap temperature T * below which the fermions become paired. The second is the Bose-Einstein condensation temperature T BE below which the bosons (responsible for conductivity) condense for the under-doped material. Since bosons are solely scattered by fermions, the decrease of scattering centering with fermions is due to the fermions pairing which causes the reduction in the electrical resistivity below the pseudogap temperature. This explains the deviation from the linear behavior of resistivity versus temperature, as observed in experiments. This separation of spin and charge is supposed to occur in 2D electron systems [26, 27] . Two values for T * are deduced from graphs dρ/dT versus temperature and ρ m -ρ n versus temperature. The difference between the two values is in the range of 2-6 K. Table 1 lists the average value of T * with x. This temperature equals to T c around optimum doping, but it is larger than T c in the under-doped region. It is clear that the highest value of T c is corresponding to the lowest value of T * . This indicates that T * is affected by the oxygen content or the scattering of carriers at grain boundaries. Moreover, it depends on the change of carrier density in the CuO 2 planes. This result is similar to that obtained by François et al. [28] for Pr-doping and oxygen deficiency on the complex conductivity and scattering rate of YBa 2 Cu 3 O 7δ thin film, as well as Mohammadizadeh et al. [25] for pseudogap study in Gd-123 phase substituted by Pr. This variation between T * and T c could be interpreted by Emery et al. [29] who 
where max c T is taken as 120 K for Cu 0.5 Tl 0.5 -1223
phase [31] . Figure 5 shows the variation of T * with P. [24] . phase by Passos et al. [33] . d 2 ρ/dT 2 increases in the negative region to zero and then changes its sign at which T scf can be determined. There is a decrease in the superconducting fluctuation temperature T scf from 149 to 141 K as x increases from 0.00 to 0.08 wt%, then it increases to 145 K for x = 0.20 wt%. It is noticed that T scf lies between the superconducting transition temperature T c and the pseudogap temperature T * . The variation of ΔT c (T c T 0 ) and ΔT scf (T scf T c ) versus x is shown in Fig. 7 . It is clear that the variation of ΔT c and ΔT scf with x has the same trend. This means that both ΔT c and ΔT scf are strongly dependent on the percolative effect and larger contributions from the grain boundaries.
2 Excess-conductivity
The excess-conductivity Δσ is defined as
where m ( ) T  is the measured resistivity and n ( ) T  is the normal-state electrical resistivity which is calculated from Eq. (1). The normalized excess-
is calculated by AslamazovLarkin (AL) [6] , using a microscopic approach in the mean field region (MFR) where the fluctuations are small through the following relation:
where t is the reduced temperature c c
T T t T  
. The superconducting transition temperature T c is determined from the curve of dρ/dT with T and α is the conductivity exponent and expressed as 
A is the temperature independent amplitude and given by , and cr, are clearly observed from the linear fitting, and the conductivity exponent values are determined from these slopes. The first region is observed at a temperature much higher than the mean field temperature (T mf ). In this temperature region, the excess-conductivity decreases sharply and agrees well with the theoretical results. The conductivity exponent α sw varies from 3.1 to 2.9, in consistent with the theoretical approach. A crossover between short wave fluctuations and mean field region is observed at a temperature above T c by decreasing temperature. The mean field region consists of two distinct linear parts. The first one is at higher temperature around 1.165T c . The conductivity exponent α 2D varies from 1.1 to 0.97, in consistent with the theoretical approach. As the temperature is lowered down to 1.08T c , the 3D fluctuation region appears with the conductivity exponent α 3D varying from 0.6 to 0.48. The 3D-2D crossover could be explained according to the high anisotropy of HTSCs, where the charge carriers move more readily in some directions than in the others. The charge carriers also show some ability to move along molecular planes in this range of thermal fluctuations. At lower temperature a crossover takes place, where the charge carriers may move between the molecular planes and cross over from one plane to another. This crossover takes place in 3D, and then the charge carriers are more affected by thermal fluctuations. This means that the charge carriers tend to move more freely in the whole crystal before they make pairs. The last region is at Ginzburg temperature T G = 1.01T c which represents a crossover between 3D fluctuation and critical fluctuation. The value of conductivity exponent α cr varies from 0.37 to 0.31, expecting from the prediction of the 3Dxy universality dynamics class. This could be represented by E-model [34] . The model is based on the coupling of a 2D superconducting order parameter with a symmetrybreaking field (SBF). In the critical region, below T G , the fluctuations in the order parameter become the same magnitude as the order parameter itself [35] , and the GinzburgLandau theory becomes unsuitable. It is well known that T G is very close to superconducting transition temperature T c . This means the fluctuation in the order parameter is quiet similar to superconducting carrier concentration n s , indicating that all normal carriers converted to superconducting carriers with thermal equilibrium and fluctuation are completely disappeared. Table 2 displays the variation of conductivity exponents α cr , α 3D , α 2D , and α sw and the crossover 
where
is the Ginzburg-Landau parameter, m * is the effective mass of carriers (m * ≈ 10m e ) [37] , and v F is the Fermi velocity of carriers. These parameters are listed in Table 3 [40] found that the enhancement of vortex pinning by the addition of magnetic nanoparticles in the bulk type-II superconductors is due to the interaction between the finite-size spherical magnetic inclusion and Abrikosov vortex. Moreover, they showed that the magnetic nanoparticles lead to a considerable enhancement of vortex pinning in large  type-II superconductors. On the other hand, the decrease in the superconducting parameters is attributed to the increase in the grain boundary resistance, the formation of secondary phases, and the reduction in the flux pinning inside the samples. The calculated Fermi velocities for all prepared samples are found to be less than that of the free electron ( F v = 10 6 m·s 1 ), and the Fermi energy decreases as x increases from 0.00 to 0.08 wt%, then it increases with Qasim et al. [10] and Nadeem et al. [11] . Moreover, the values of J c (0) are greater than those reported by Qasim et al. [10] . This difference is probably due to the different preparation methods and calculation method of (0) 
Conclusions
Composite superconducting samples of type (Co 0.5 Zn 0.5 Fe 2 O 4 ) x /Cu 0.5 Tl 0.5 -1223 were successfully prepared by solid-state reaction technique. The electrical resistivity behavior above T c was investigated using pseudogap and excess-conductivity analysis in order to determine the superconducting parameters. The pseudogap temperature was related to T c and the hole carrier concentration; it was decreased by increasing them. The variation of ΔT c and ΔT scf with x had the same trend, indicating that they were strongly dependent on the percolative effect and larger contributions from the grain boundaries, respectively. It was found that, from excess-conductivity analysis, the thermodynamic parameters were improved by increasing Co 0.5 Zn 0.5 Fe 2 O 4 nanoparticle addition up to x = 0.08 wt%, beyond which they were deteriorated for Cu 0.5 Tl 0.5 -1223 phase. This improvement could be explained according to the enhancement in vortex pinning through the addition of magnetic Co 0.5 Zn 0.5 Fe 2 O 4 nanoparticles into Cu 0.5 Tl 0.5 -1223 phase, resulting from the interaction of finite-size spherical magnetic inclusion with Abrikosov vortex. 
